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ABSTRACT
Coordination polymers of 8,81 - dihydroxy-5,5'-biquinolyl 
(XIII) with Cu(II), Zn(II) , Cd(II) , Ni(II), Co(II) and Mn(II) and 
also of 1,6-dihydroxyphenazine (XIV) with Cu(II), Zn(II), Ni(II),
Co(II) and Hg(II) were prepared and studied.
The polymers were all colored powders, very insoluble in all
the common organic solvents, and apparently of low molecular weight.
Thermal stability of these polymers was studied by heating the poly­
mer sample in air at different temperatures. All the polymers of
(XIII) began to decompose between 250-300°C, whereas the polymers 
of (XIV) began to decompose between 175~240°C. The zinc polymer 
was the most stable with both ligands.
The polymers of (XIII) with cobalt and nickel were amorphous,
whereas the polymers of (XIII) with copper, zinc, cadmium and man­
ganese were crystalline. However, the degree of crystallinity is 
greater in the case of zinc- and cadmium-containing polymer than in 
the case of polymers containing either copper or manganese. The 
polymers of (XIV) with cobalt and mercury were amorphous, whereas 
the polymers of (XIV) with copper, zinc, and nickel were found to 
be crystalline. In these polymers the degree of crystallinity is 
almost the same in all cases. However, it was observed that the 
copper containing polymer of (XIV) prepared by a melt polymerization
viii
reaction was more crystalline than the same prepared in solution 
reaction.
Infrared spectral studies confirmed the chelation reaction 
between metals and the organic compounds in both cases. In gen­
eral the infrared spectra of the derived polymers resemble one 
another more closely than they do the spectrum of the parent or­
ganic reagent.
The use of 1% dimethylformamide solution of {XIJI) as a spot 
test reagent gave an instant color reaction with 14 common ions but 
the sensitivity of the reagent is not particularly impressive. The 
most interesting result is the detection of of gallium. In 1% 
alcoholic solution (XIV) gave an instant color reaction with 15 
common ions but the sensitivity with this reagent is also not very 
impressive. However, zinc could be detected in 4 concentration 
in acetic acid-acetate buffer solution.
ix
INTRODUCTION
Recent interest in coordination polymers is due largely to 
the growing demand for polymers of great thermal stability (2,11, 
14,26) and good mechanical properties. Such materials are in de­
mand for various components of high-speed aircraft, rockets and a 
large number of industrial applications. Coordination polymers, in 
which metal ions are linked by di- or poly-functional organic ligands 
to form polymer chains, show in many cases exceptional thermal or 
chemical stability. In this respect they occupy an important posi­
tion between organic and purely inorganic compounds. The stability 
of these compounds is a result of: (i) the increase in the strength 
of the bonding arising from ring formation, (ii) the way in which the 
chelating groups pack around the central ion making reaction with 
other substances sterically difficult, and (iii) the presence of a 
set of •ft'-orbitals in the system into which electrons can be delocal­
ized. Chelation in this way provides a means of encasing the metal 
ion in an organic shell, so that the influence of the dipoles arising 
from metal-ligand bonds does not extend to neighboring chains, and 
coordination polymers might consequently be expected to show mechani­
cal properties similar, at least superficially, to those of organic 
polymers. Thus, ethylenediiminebisacetylacetone shows no marked 
thermal stability, but its copper chelate:
is only slowly decomposed at red heat (30). Similarly ethylenedi- 
amine is vigorously attacked by concentrated nitric acid, but when 
coordinated with cobalt in the trisethylenediaminecobalt(?II) ion, 
it can be heated with nitric acid for many hours without change (12).
Dimers of aluminum and ferric chlorides are the simplest 
example of polymeric materials resulting from coordination, found in 
the vapor state. In these cases each metal atom is surrounded tetra- 
hedrally by four chloride atoms (33), i.e.:
In the solid state palladium(tl) chloride does not exist as discrete 
molecules, but as infinite chains of planar PdCl^ groups sharing op­
posite edges made up of the structure (43) as shown below:
(II) (III)
Many other groups, such as CN, NH, NC^, OH, SH, CO, etc., are
capable of acting as the coordinating group in a similar fashion. 
However, the complexity of the compounds will depend on the relative 
numbers of the metal atoms and the donor groups and the stereochem­
istry of the metal involved. For example, in silver and gold cyanides, 
the metals have only two coordination positions at 180° from each 
other (34) and linear polymers consisting of alternate metal atoms 
and cyanide groups result:
— *M---- n= = s N----> M--- C ^ 5  N-- ► M-----C ===== N— >
(V)
However, when more than two molecules of coordinating agent are at­
tached to a metal ion, a cross-linked or three dimensional polymer 
results. Thus Powell and Rayner (35) have shown that nickel cyanide 
is a planar polymer in which alternate nickel atoms are attached 
either to four carbon atoms or to four nitrogen atoms:
4The investigation reported on in this dissertation, however, 
is concerned with polymers containing metal ions linked by chelate 
rings derived from organic groups, since chelation with metal ions 
would be expected to enhance the thermal stability of the organic 
ligand without grossly changing its flexibility. A short literature 
survey of this type of polymer, therefore, would be in line with the 
present investigation of coordination polymers.
The first attempts to make plastic coordination polymers were 
those of Wilkins and Wittbecker (44), who studied the possibility of 
forming linear polymers by the reaction of bis- (^-diketones) with 
tetracoordinated metals —  particularly beryllium. However, they 
were not successful in obtaining chains of sufficient length to give 
plasticity in the resulting compound.
Extensive work has been done on the coordination chemistry 
of bis-(J^-diketones) by several workers (14,19,21,24,26,27,28,31).
It was observed that many of the metal bis-(jft-diketone) chelates can 
be distilled without decomposition (15). Martin (25) observed a de­
gree of polymerization of fifteen when bis-(«f-thiopicolinamide) 
based on
(Where X® -CH2, S02, etc.)
(VII)
was treated with acetylacetonates of copper, nickel, and zinc.
In particular the 4,4-bis-Q(-thiopicolinamide diphenylsulfone zinc(II) 
polymer was observed to be stable to heat up to 360°C without appre­
ciable loss in weight or change in infra-red spectra.
Drinkard and Bailar (13) prepared polymeric copper phthalo- 
cyanin by the reaction of pyromellitic dianhydride, copper(II) 
chloride, urea and a catalyst at 180°C. They have shown that the 
polymeric molecules which they obtained consisted of only about 
eight units, having the following structure:
A
(VIII)
6Bis-(8-hydroxyquinolines) were suggested as precipitants in 
analytical chemistry many years ago (6), but no mention was made at 
that time of the polymeric nature of the metal derivatives. Korshak 
et al. (23), Bailar and Coworkers (2) have studied the formation of 
polymers by the reaction of bis-(8-hydroxyquinolines)
OH
OH
(Where Y* CH2, CMe2 or S02)
(IX)
with four coordinate, divalent cations in solution as well as in 
melt polymerization reactions. As with bis-(0-diketone) polymers, 
short chains were formed with these organic compounds with end groups 
occupied most probably by -OH groups or by molecules of solvent.
From the above survey it is evident that the presence of two 
complex-forming groups such as
(X) (XI) (XII)
in an organic compound would be very suitable for the production of 
coordination polymers. It is well known that the strength of the 
bond increases with the electronegativity of the ion, and for this 
reason the most widely used coordinating atoms are nitrogen, sulfur 
and oxygen, the coordinating strength being N^S^O. With this 
view in mind, two organic compounds were selected which contain two 
complex-forming groups such as (XI), which are widely separated from 
each other.
Preparative methods for coordination polymers cannot be clas­
sified in either of the categories described for inorganic or organic 
polymers. However, three approaches based on the standard methods of 
polymer synthesis are available for the preparation of coordination 
polymers. As described by K. V. Martin (25) they are: (a) preformed
metal complexes which may be polymerized through the functional groups 
they contain, (b) an organic polymer containing a recurring chelate 
group can be treated with suitable metal derivatives; and (c) a poly­
mer may be formed by the reaction of metal atom-donor atom coordina­
tion.
Method (a) will result in obtaining linear or cross-linked poly- 
mers, depending upon the number of functional groups in each mononuclear 
complex, and the manner in which the complexes are linked together. 
Method (b), in most cases will lead to cross-linking. Union of protein 
and chromic ion in leather is an example of such type of coordination 
polymers. However, proper stereochemical arrangement of the donor 
atoms in the coordinating agent may avoid cross-linking. Method (c)
is the most widely used preparative method for obtaining the coordi­
nation polymers. Here, the coordinating agent may attack the metal 
through monodentate groups or preferably through polydentate groups. 
If the coordinating agent is bidentate (i.e., the coordinating 
groups are present at two ends of the ligand molecule) and the metal 
ion is tetracoordinate, or if the coordinating agent is tridentate 
(i.e., the coordinating groups are present at three ends of the li­
gand molecule) and the metal ion is hexacoordinate, linear polymers 
will result. The combination of a bidentate group with hexacoordi­
nate metal, on the other hand, will lead to highly cross-linked 
polymers. However, a linear polymer with bidentate ligands and hexa- 
coordinated metals is possible if two of the six coordination posi­
tions of the metal are occupied by some inert groups, such as water, 
solvent molecule, etc.
In this research a number of coordination polymers of 8,8'- 
dihydroxy-5,5'-biquinolyl (XIII) and 1,6-dihydroxyphenazine (XIV)
OH
OH
OH
(XIII) (XIV)
9with divalent metal ions such as Cu(II) , Zn(II) , Ni(II), etc., 
have been prepared and studied.
Phillips £t al. (36) prepared chelates of (XIII) with Cu(II), 
Zn(II) and Ni(II), which were precipitated under the conditions 
normally employed for the preparation of the corresponding chelates 
of 8-hydroxyquinoline. The dried products were analyzed and found 
to exist as a 1:1 mole ratio product, but further studies were not 
reported in the literature. Since the coordination polymers of bis- 
(8-hydroxyquinoline)methane and also of 2,2-bis-5-(8-quinolol)pro~ 
pane have been prepared by several workers (23, 2), it was believed 
that the preparation of the coordination polymers of (XIII) with 
various divalent metal ions would also be interesting.
A survey of the literature failed to yield any evidence of 
use of (XIV) as a coordinating agent for the preparation of polymers 
or its possible use as an analytical reagent, except that Kidani (16, 
17, 18) performed spectrophotometric studies on some copper chelate 
compounds of phenazine derivatives. However, Akabori and Nakamora 
(1) have observed a color reaction of (XIV) with ferric chloride and 
also colored precipitation with lead acetate, cupric sulfate and sil­
ver nitrate. An organic compound very similar to (XIV) is 5,8-dihy- 
droxyquinoxaline (XV)
OH
OH
(XV)
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which produces colored precipitates with various metal ions. By 
using an aqueous solution of (XV),Shinichi Kawai and others (40) 
obtained blue precipitates with Cd(II), Co(II), Cu(II), Fe(II),
Ni(II), and Zn(II), and a reddish brown precipitate with Ti(IV) 
ion. Although the properties of these precipitates were not stud­
ied by them, these metal chelates were probably polymers of low 
molecular weight, because these were very slightly soluble in or­
ganic solvents.
The structure of 1,6-dihydroxyphenazine (XIV) is similar to 
that of 5,8-dihydroxyquinoxaline (XV) with the exception that (XIV) 
has one additional aromatic ring and the OH groups are widely sep­
arated from each other. Thus, it could be assumed that like (XV),
(XIV) will also form coordination polymers with divalent metal ions.
An expected advantage of the use of (XIV) over (XV) as the coordinating 
agent stems from the fact that (XIV) is less reactive to oxidation than
(XV), and consequently, coordination polymers of greater thermal sta­
bility would be expected with (XIV) than with (XV).
In this investigation a number of coordination polymers of (XIII) 
and (XIV) have been prepared by the use of the above mentioned method
(c). The techniques of solution polymerization and melt polymerization 
have both been tried for the preparation of the polymers. During this 
study an attempt was made to derive possible structures of the polymers 
with the help of elemental analyses, infra-red and x-ray studies. An 
attempt was also made to find out the possible thermal behaviour of the 
prepared polymers by heating the polymer samples at different tempera­
tures in air and by observing the infra-red spectra of the samples be­
fore and after heating.
The ultimate objectives of these studies were: (i) to pre­
pare coordination polymers of (XIII) and (XIV); (ii) to study some 
of the properties of the derived polymers; and (iii) to investigate 
the possible use of (XIII) and (XIV) as analytical spot test reagents.
EXPERIMENTAL
1. Preparation of 8,8'-dihydroxy-5,5'-biquinolyl-
S.S'-dihydroxy-S.S'-biquinolyl (XIII) was prepared according 
to the method described by Phillips nt a^ . (36). Ferric sulfate 
(60 g.) was added to 15 g. of 8-hydroxyquinoline in 4 1. of distilled 
water with stirring, and the mixture was heated 15 to 30 minutes.
Then, a solution of 23 g. sodium hydroxide in 400 ml. water was added 
at a rate to maintain the pH between 5 and 7 for 8-9 hours at the 
boiling point. After standing overnight the mixture was filtered 
and the black precipitate was warmed with a little concentrated hy­
drochloric acid until it became orange. After filtration the orange 
solid was dissolved in the minimum amount of water and concentrated 
hydrochloric acid added to precipitate the bright yellow dihydro­
chloride dihydrate. This process was repeated another time to obtain 
pure product. The final yellow product was washed with acetone, dis­
solved in water, and the solution was neutralized with ammonium hy­
droxide to precipitate the white free b^se. Threefold recrystallization 
from dimethylformamide yielded light yellowish-white needles decomposing 
above 310°C. Reported (36): decomposition temperature 310°C. Yield 
of final product after threefold recrystallization was 15%. Reported: 
yield of crude product 25%.
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Anal.: Calculated for C18H1202N2: C, 74.99%; H, 4.20%; N, 9.72%; 
Found: C, 74.35, 74.59%; H, 4.29, 4.17%; N, 9.34, 9.22%.
2. Preparation of 1,6-dimethoxyphenazine
1,6-dimethoxyphenazine was prepared following a method de­
vised by Pachter and Kloetzel (32) with a slight change in isolation 
procedure. To 270 ml. of dry benzene was added 46.5 g. of o-anisi- 
dine, 105 g. of o-nitroanisol, and 105 g. powdered potassium hydrox­
ide. The mixture was refluxed with vigorous stirring for seven hours. 
After cooling, the benzene solution was decanted off. To the residue 
in the reaction vessel was added 500 ml. of water and the black lumps 
were broken up. The water insoluble material was collected by filtra­
tion and dissolved in 100 ml. of hot acetic acid. On cooling, needles 
of tarnished gold color separated. More black materials were recov­
ered from benzene solution when it was washed repeatedly first with 
very dilute hydrochloric acid and then with water. This material 
from benzene solution was collected by filtration and washed with 
water. It was then treated in the same manner with hot acetic acid.
On cooling, needles of tarnished gold color formed. The product thus 
obtained was combined with the above and washed with ethanol; a color 
change to bright yellow accompanied by a change in crystal form oc­
curred. This after twofold recrystallization from ethanol-dioxane 
mixture yielded yellow needles, m.p. 251-252°C, sintered at 240- 
245°C. Reported m.p., 246-247°C. Yield of final product was 8%. 
Reported yield 127».
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Anal.: Calculated for C14H1202N2: C, 69.997.; H, 5.037.; N, 11.667.;
Found: C, 70.13, 69.917.; H, 5.12, 5.13%; N, 11.35, 11.58%.
3. Preparation of 1,6-dihydroxyphenazine
1,6-dihydroxyphenazine was derived from 1,6-dimethoxyphena­
zine according to the method reported by Clemo and Daglish (10),
1,6-dimethoxyphenazine (2.5 g.) was heated under reflux with hydro- 
bromic acid (32 ml., d. 1.49) and glacial acetic acid (32 ml.) for 
24 hours. The cooled product was diluted with water and treated 
with sodium hydroxide (57. solution) until the color changed sharply 
from red to yellow (pH 4-5), whereupon a yellow precipitate formed 
and was removed and dried. Twofold recrystallization from ethyl 
acetate yielded golden-yellow needles (yield 207.). m.p., 274-
275°C (dec); reported m.p., 274°C.
Anal.: Calculated for C12H 802N2: C, 67.907.; H, 3.78%; N, 13.20%;
Found: C, 67.42, 67.30%; H, 3.78, 3.75%; N, 13.01, 13.18%.
4. Preparation of Zinc acetylacetonate
Zinc acetylacetonate was prepared by boiling zinc hydroxide 
with aqueous acetylacetone. After cooling of the filtrate, color­
less crystals, of zinc acetylacetonate separated, which, after drying 
melted at 138°C. Reported (30) melting point 138°C.
5. Preparation of Copper acetylacetonate
A 57. cupric nitrate solution was buffered by adding 5 g. of 
sodium acetate for every 100 ml. of solution. It was then shaken 
with acetylacetone. The shaking was continued until the reaction
15
appeared complete. After the precipitation of the metal chelate 
was complete, the precipitate was collected by filtration, recry­
stallized from benzene, and dried at 110°C before use.
6. Preparation of Coordination Polymers of 8,8'-dihydroxy- 
5, 5' -biquinolyl
Coordination polymers of 8,81-dihydroxy-5,51-biquinolyl (XIII) 
with different divalent metal ions were prepared by the following 
two methods described by Korshak, Vinogradova and Babchinitser (23):
(i) An equimolar mixture of (XIII) and the appropriate metal 
acetate was refluxed in dimethylformamide in nitrogen atmosphere at 
130-140°C for 5-6 hours. After completion of the reaction, the hot 
reaction mixture was filtered and the precipitate was treated with 
boiling water and ethanol, washed with ethyl ether and dried under 
vacuum over boiling acetone (b.p. 56°C) for 12 hours. The polymers 
thus obtained were kept in a desiccator over CaC^ until submitted 
for analysis.
(ii) An equimolar mixture of (XIII) and metal acetylacetonate 
was heated in a condensation test tube, first in a stream of nitrogen 
at 100-220°C for one hour, at 220°C for one hour, and then in vacuum 
at 220°C for one hour. After heating, the polymer was freed of 
starting materials by treatment, in sequence, with boiling nitroben­
zene and ethanol, then washing with ethyl ether and drying at 56° C 
over boiling acetone under vacuum. The polymer of (XIII) with zinc 
was obtained in this manner.
16
7. Preparation of Coordination Polymers of 1,6-dihydroxyphena- 
zine
Coordination polymers of 1,6-dihydroxyphenazine (XIV) with 
various divalent metal ions were prepared by the following two meth­
ods described by K. V. Martin (25):
(i) An equimolar mixture of (XIV) and the appropriate metal 
acetate was refluxed in ethanol-dimethylformamide mixture in nitro­
gen atmosphere for about 3-4 hours to ensure completion of the re­
action. After that the hot reaction mixture was filtered and the 
precipitate was treated with boiling water and ethanol, washed with 
ethyl ether and dried under vacuum over boiling acetone (b.p. 56°C) 
for 12 hours. The polymers thus obtained were kept in a desiccator 
until submitted for analysis.
(ii) An equimolar mixture of (XIV) and the metal acetylace- 
tonate was heated at 230-240°C in a condensation test tube for about 
3-4 hours under vacuum. The reaction mixture was then washed with 
hot p-xylene, water, and ethanol in sequence to free of the starting 
material. It was then washed with ethyl ether and dried at 56°C 
over boiling acetone under vacuum for 12 hours. The polymer thus 
obtained was kept in a desiccator until submitted for analysis. The 
polymer of (XIV) with copper was prepared by this method.
8 . Analytical Methods
Several methods were used for the analyses of the metal con­
tent of the polymers obtained in this research. The following ini­
tial treatment was used on all compounds prior to analysis: an
17
accurately weighed 50-70 mg. sample of the dry product was treated 
with 5-10 ml. of concentrated sulfuric acid, and then slightly 
warmed on a hot plate after which about 15 ml. of concentrated 
nitric acid was added and digested with further addition of concen­
trated nitric acid until fumes of nitric oxide ceased to evolve.
After destruction of the compound was completed, the flask was 
cooled to room temperature and the solution handled in the various 
manners described below:
The analyses of the polymers of copper were carried out, with 
modifications, according to the method described by Kolthoff and San- 
dell (20) as follows: the solution was diluted to 25 ml. with water.
One gram of urea was added and the solution boiled for one minute. 
Dilute (1:1) ammonium hydroxide was added until blue color of the 
copper-ammonia complex formed; 5-10 ml. of 6N acetic acid was added 
and the solution diluted to 50 ml. with water. Three grams of potas­
sium iodide was added and dissolved. The liberated iodine was then 
titrated with standard thiosulfate solution.
Analyses of the polymers of zinc were carried out according 
to the method of Welcher (41): The solution was diluted to 50 ml.
and neutralized with sodium hydroxide. A buffer of pH 10 was then 
added after which 7-8 drops of Erichrome Black T indicator in trie- 
thanolamine was added and titrated carefully with 0.01M disodium 
EDTA solution. The end point was indicated by a sharp color change 
from wine red to violet. One ml. of 0.01M disodium EDTA solution 
corresponds to 0.6538 mg. of zinc.
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Analyses of the polymers of cobalt or nickel were carried out 
as follows: 5-10 ml. of concentrated sulfuric acid were added slowly
along with several glass beads. The contents of the flask was brought 
gently to boil and evaporated to fumes of sulfur trioxide. The flask 
was cooled to room temperature and the volume adjusted to approximately 
25 ml. with water. A titrimetric method devised by Sen (38) was then 
utilized. A known excess of standard disodium EDTA was added. Solid 
ammonium acetate was then added to buffer the solution to pH of ap­
proximately 6. Five ml. of a saturated solution of ammonium thiocy- 
anate were added and a volume of acetone equal to the volume of aqu­
eous solution in the flask. The mixture was then titrated with cobalt 
nitrate solution, whose disodium EDTA titre had been determined pre­
viously by the same titrimetric methods until a definite faint blue 
coloration was visible. The amount of standard disodium EDTA, equi­
valent to the metal present, was determined by subtracting the amount 
of disodium EDTA, equivalent to the cobalt nitrate required, from the 
known excess of disodium EDTA added.
Analyses of the polymers of manganese or mercury were carried 
out as follows: the solution was diluted to approximately 25 ml. 
with water. A titrimetric method devised by Biederman and Schwarzen- 
bach (5) was used. A known excess of standard disodium EDTA was added 
to the solution. The excess acid was neutralized with concentrated 
ammonium hydroxide and the solution buffered to a pH of 10 with an 
ammonia-ammonium chloride buffer. Ten drops of 4^ alcoholic solu­
tion of Erichrom Black T indicator were added and the excess disodium
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EDTA titrated with standard zinc solution until a faint tinge red 
was apparent in the blue solution. The amount of standard disodium 
EDTA, equivalent to the manganese or mercury present was determined 
by subtracting the amount of disodium EDTA, equivalent to the amount 
of zinc solution added, from known excess of disodium EDTA added.
Analyses of the polymers of cadmium were carried out accord­
ing to the method described by Welcher (42): the solution was di­
luted to approximately 25 ml. with water and partially neutralized 
to weakly acidic condition by adding ammonium hydroxide solution.
To the weakly acidic solution was added a few ml. of ammonia-ammonium 
chloride buffer solution and then potassium cyanide in small amounts 
to form cyanide complexes of ^CdCCN)^. Excess of cyanide does not 
interfere. After adding cyanide, 10 drops of Erichrome Black T 
(0.27o solution in triethanolamine) were added to form a blue solution. 
After that a few ml. of 10% formaldehyde solution was added and the 
solution was titrated immediately with 0.01M disodium EDTA solution 
to a color change from wine-red to blue. One ml. of 0.01M disodium 
EDTA is equivalent to 1.1241 mg. of Cadmium.
9. Analyses of Carbon, Hydrogen and Nitrogen
Analyses of the polymers for carbon, hydrogen and nitrogen con­
tent were made by Galbraith Laboratories, Inc., Knoxville 21, Tennes­
see, U.S.A.
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10. Experimental Procedures
(a) Infra-red spectral study
Infra-red spectra of the various derived polymers and the 
organic compounds were obtained on solid samples in potassium bromide 
discs. The measurements were made with a Perkin Elmer Model 21 re­
cording spectrophotometer with sodium chloride prism.
(b) Thermal stability study
Thermal properties of all the polymers were studied in the fol­
lowing manner: 50-70 mg. samples of the polymers were heated at dif­
ferent temperatures in small Pyrex test tubes in air. Test tubes 
were removed from the heating furnace after an interval of one hour 
at each temperature, cooled in a desiccator over P2O5 and weighed.
The infra-red spectrum of the sample was taken when the decomposition 
of the sample was suspected. In a separate run, polymer samples were 
heated in the same way for six hours at a temperature about 10°C below 
the suspected decomposition temperature and the infra-red spectra wsre 
recorded after heating the samples.
(c) X-ray diffraction study
X-ray powder diffraction patterns of the polymer samples were 
recorded with a cylindrical camera and also by using a diffractometer 
with a recorder. Nickel filtered Cu radiation was used during 
the experiment. The instrument used was a Norelco X-ray Spectrograph 
of Phillips Electronic Instruments.
(d) Spot test procedure
A 0.17o solution of (XIII) in dimethylformamide and a 0.1% solu­
tion of (XIV) in ethanol was used as reagent solutions. To one drop
of the test solution on a spot plate was added two drops of acetic 
acid-acetate buffer and two drops of the reagent solution. Results 
of the tests are shown in Table V and XII.
RESULTS
The results of this investigation are summarized in Tables 
I through XVI.
Elemental analyses of the coordination polymers of 8 ,8 1-di­
hydroxy-5 ,51-biquinolyl (XIII) are summarized in Tables I and II; 
and of 1,6-dihydroxyphenazine (XIV) are in Tables VIII and IX.
Principal peak positions in the infra-red absorption spectrum 
of (XIII) together with that of 8-hydroxyquinoline are given in 
Table VI for comparison. Table VII gives the absorption peaks ob­
served in the infra-red spectra of the coordination polymers of (XIII) 
with various divalent metals. Absorption peaks observed in the infra­
red spectrum of 1,6-dimethoxyphenazine and 1,6-dihydroxyphenazine 
are summarized in Table XIII. Similarly, the absorption peaks found 
in the infra-red spectra of the various coordination polymers of (XIV) 
are given in Table XIV. The value of the peak positions between 
1700cm-'*' and 700cm-■*• are reported in Tables VI and VII; whereas be­
tween 3500cm ■*■ and 700cm  ^in Tables XIII and XIV. The letter follow­
ing a peak assignment qualitatively represents the intensity of that 
peak relative to the strongest peak in that particular spectrum.
Those values in parentheses are of doubtful value because the peak 
is broad or is a shoulder on a peak of greater intensity.
X-ray diffraction results of all the polymers prepared in this 
investigation are given in Tables XV and XVI, together with some other
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useful properties such as color, coefficient of polymerization, 
molecular weight, etc. Comparative data on interplanar (d) spacings 
for crystalline polymers are summarized in Tables XV and XVI. Co­
efficients of polymerization were calculated from the percent of 
metal content found in the polymer according to the method devised 
by Korshak et _al. (21). Approximate molecular weights were calcu­
lated using these coefficients of polymerization values on the as­
sumption that the end groups of the polymers are occupied by the 
organic ligand molecule.
Thermal properties of the coordination polymers of (XIII) 
and (XIV) are shown in Tables III and XI, respectively. Table X 
shows the per cent weight loss of coordination polymers of 1,6-di- 
hydroxyphenazine when heated in air. These values, however, must 
be considered as approximate.
Possible use of (XIII) and (XIV) as analytical spot test re­
agents has been investigated with approximately 30 metal ions. Only 
the metal ion which formed a precipitate with these reagents are 
listed in Tables V and XII.
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TABLE I
COMPOSITION OF POLYMERIC COMPOUNDS OF 8,8 '-DIHYDROXY- 
5 ,'^-BIQUINOLYL WITH METALS ON THE 
BASIS OF STRUCTURE 
(XVI)
Carbon Hydrogen Nitrogen Metal
Polymers: %_____  %_____  °L_________   %_
Calc. Found Calc. Found Calc. Found Calc. Found
Copper 61.79
60.67
60.68 2.86
2.98
3.17 8.01
7.69
7.80 18.17
18.16
18.11
Zinc 61.47
57.28
57.04 2.85
2.89
3.02 7.94
7.26
7.29 18.61
18.67
18.69
Cobalt 62.63
55.31
55.46 2.90
3.85
3.80 8.12
7.25
7.20 17.10
14.11
14.25
Nickel 62.66
55.58
55.38 2.90
3.70
3.61 8.12
7.33
7.12 17.03
13.13
13.17
Manganese 63.37
58.86
59.06 2.93
3.28
3.54 8.22
7.84
7.63 16.12
14.99
14.89
Cadmium 54.22
50.65
50.48 2.51
2.43
2.43 7.04
6.51
6.33 28.21
30.34
30.45
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TABLE II
COMPOSITION OF POLYMERIC COMPOUNDS OF 8 ,8 DIHYDROXY- 
5, 5'-BIQUINOLYL WITH COBALT, NICKEL, AND 
MANGANESE ON THE BASIS OF TWO 
MOLECULES OF WATER PER 
METAL ATOM
Carbon Hydrogen Nitrogen Metal
Polymers: ____ %____  °L_____  %______  °L_____
__ Calc. Found Calc. Found Calc. Found Calc. Found
55.31 3.85 7.25 14.11
Cobalt 56.71 55.46 3.71 3.80 7.35 7.20 15.46 14.23
55.58 3.70 7.33 13.13
Nickel 56.75 55.38 3.71 3.61 7.36 7.12 15.41 13.17
58.86 3.28 7.84 14.99
Manganese 57.30 59.06 3.75 3.54 7.43 7.63 14.56 14.89
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TABLE III
THERMAL PROPERTIES OF COORDINATION POLYMERS 
OF 8 ,8'-DIHYDROXY-5,51-BIQUINOLYL
Polymers
Temperature (°C) 
range at which 
polymers change 
color
Color Change
Approx. Weight 
loss in 1 hour/ 
300°C in air
Copper 280-310 red brown to dark 
brown to black
15-16%
Zinc 300-325 yellow to reddish 
yellow
3-4%
Cobalt 250-300 light brown to dull 
brown to black
15-16%
Nickel 250-300 brown to dull brown 
to black
10-11%
Manganese 250-300 dull green to black 14-15%
Cadmium 300-350 light yellow to dark 
yellow to brownish 
yellow
4-5%
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TABLE IV
SOME PROPERTIES OF COORDINATION POLYMERS OF 
8 ,8 '-DIHYDROXY-5,5'-BIQUINOLYL
Polymers Color
Data from 
X-ray 
examination 
of samples
Coefficient 
of Polymeri­
zation (21)
Molecular 
weight from 
elemental 
analysis
Copper reddish
brown
Crystalline oC -
Zinc yellow Crystalline - -
Cobalt light
brown
Amorphous 4 1956
Nickel brown Amorphous 4 1955
Manganese dull
green
Crystalline 10 4435
Cadmium light
yellow
Crystalline - -
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TABLE V
SPOT TEST OF METAL IONS WITH S.S'-DIHYDROXY-S.S'-BIQUINOLYL
Identification
Metal ions________ Color of precipitate___________ limit in V*
Gold(III) Yellowish black 5
Aluminum(III) Yellow 10
Cobalt(II) Yellow 3
Cadmium(II) Yellow 10
Iron (II): Greenish black 20
Iron(III) Greenish black 20
Gallium(III) Yellow 2
Lead (I I) Yellow 50
Manganese(II) Yellow 50
Mercury(II) Orange Yellow 4
Zinc(II) Yellow 5
Copper(II) Brown-yellow 4
U02 (II) Brownish-yellow 5
Nickel(II) Yellow 3
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TABLE VI
INFRA-RED ABSORPTION SPECTRA IN Cm’1 OF 8,8'-DIHYDROXY-
5,5'-BIQUINOLYL AND 8-HYDROXYQUINOLINE
8 ,8 '-Dihydroxy-5,5'-Biquinoly1 8-Hydroxyquinoline
1628 w 1628 w
1584 m 1585 s
1505* s 1505* s
1465 s 1472 m
1437 m
1418 s 1410 s
(1398) w 1380 s
1368 m
1275 s 1282 s
1240 w (1275) w
(1220) w (1242) w
1205 s 1222 s
1198 w 1207 s
1152 w (1175) w
1165 m
1111 w 1140 m
1095 s
(1076) m
1033 w 1058 m
(1028) w
906 w 975 m
842 m 898 m
825 w 865 w
821 w 918 s
(812) w (806) w
788 s 782* s
714 m 743 s
711 s
♦Denotes the strongest peak in the spectrum.
w=weak, m=medium, s=strong.
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TABLE VII
INFRA-RED ABSORPTION SPECTRA IN Cm"1 OF COORDINATION
POLYMERS OF 8,8'-DIHYDROXY-5,5'-BIQUINOLYL
Copper Zinc Cobalt Nickel Manganese Cadmium
(1613) w (1630) w (1632) w (1632) w (1632) w (1632) w
1596 m 1600 m 1600 w 1601 w 1601 w 1602 w
1565 m 1572 m 1575 m 1575 m 1575 m 1575 m
1510* s 1510 s 1510* s 1510* s 1505 s 1502 s
1458* s 1458* s 1460 s 1460 s 1462* s 1458* s
1405 m (1405) w (1405) w (1400) w
1382 s 1382 s 1385 s 1385 s 1385 s 1385 s
(1365) w 1362 m (1365) w (1365) w 1365 m 1360 w
1315 s 1315 s 1315 s 1315 s 1315 s 1315 s
1278 w 1265 w 1265 w 1265 w 1265 w 1265 w
1238 w 1238 w (1242) w (1242) w (1248) w (1245) w
1225 m 1225 w 1225 w 1225 m 1225 w 1225 w
1205 w 1198 w 1205 w 1204 w 1198 w
1150 m 1155 w 1153 w 1155 w 1155 w
1126 m 1124 m 1126 m 1125 m 1125 m 1125 m
1078 w 1082 m 1082 m 1080 m 1083 m 1083 m
1038 w 1038 w 1038 w 1040 w 1038 w 1042 w
1015 w (1015) w
—
(827) w 873 w
(835) m (835) m (833) m (838) w (840) w
807 w 807 w (807) w (807) w (804) w
785 m 788 m (786) m (786) m 792 m 791 m
*Denotes the strongest peak in the spectrum.
w=weak, m=medium, s=strong.
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TABLE VIII
COMPOSITION OF POLYMERIC COMPOUNDS OF 1,6-DIHYDROXY­
PHENAZINE WITH METALS ON THE BASIS OF 
STRUCTURE (XVII)
Polymers
Carbon
%
Hydrogen
%
Nitrogen
%
Metal
%
Calc. Found Calc. Found Calc. Found Calc. Found
Copper 52.65 49.37 2.21 2.51 10.20 9.33 23.19 22.39
Copper*- 52.65 47.32 2.21 2.55 10.20 8.96 23.19 21.29
Zinc 52.30 47.75 2.20 2.90 10.17 9.06 23.72 24.14
Cobalt 53.54 47.09 2.25 2.83 10.41 9.15 21.90 20.41
Nickel 53.59 47.97 2.25 3.08 10.42 9.05 -21.83 19.58
Mercury 35.07 30.23 1.46 1.52 6.87 6.34 48.84 48.07
■^ Polymer prepared by melt polymerization reaction at 230- 
240°C under vacuum.
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TABLE IX
COMPOSITION OF POLYMERIC COMPOUNDS OF 1,6-DIHYDROXY­
PHENAZINE WITH COBALT AND NICKEL ON THE BASIS 
OF TWO WATER MOLECUIES PER METAL ATOM
Polymers
Carbon
%
Hydrogen
%
Nitrogen
%
Metal
%
Calc. Found Calc. Found Calc. Found Calc. Found
Cobalt 47.21 47.09 3.26 2.83 9.11 9.15 19.32 20.41
Nickel 47.26 47.97 3.25 3.08 9.18 9.05 19.26 19.58
PER
TABLE X
CENT WEIGHT LOSS OF COORDINATION POLYMERS 
DIHYDROXYPHENAZINE WHEN HEATED IN AIR
OF 1,6-
Temperatures °C.
Polymers 110 150 175 200 230 260 280
Copper 0.54 0.54 0 1.65 21.30 (d)
Zinc 1.68 1.68 0 0 0.02 4.18 18.27
Cobalt 2.80 0.81 0 0 38.98 (d)
Nickel 2.99 2.35 0 2,99 14.90 (d)
Mercury 0.79 1.56 1.18 25.95 (d)
d in parentheses indicates decomposition of the polymer.
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TABLE XI
SOME PROPERTIES OF COORDINATION POLYMERS OF
1,6-DIHYDROXYPHENAZINE
Polymers Color
Data from 
X-ray ex­
amination 
of polymer 
sample
Temperature 
(°C) range 
of decompo­
sition
Coefficient 
of polymer­
ization (21)
Approximate 
Molecular 
Weight from 
elemental 
analysis
Copper Black Crystalline 200-220 20 5670
Zinc Bluish
Black
Crystalline 240-270 - -
Cobalt Bluish
Black
Amorphous 200-220 10 2890
Nickel Black Crystalline 200-220 10 2900
Mercury Black Amorphous 175-200 oC -
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TABLE XII
SPOT TEST OF METAL IONS WITH 1,6-DIHYDROXYPHENAZINE
Metal ions Color of precipitate
Identification 
limit in Y
Aluminum(III) Greenish yellow >100
Gold(III) Greenish black 10
Zinc(II) Bluish purple 4
Lead (I I) Blue 50
Copper(II) Blue 10
Mercury (II) Bluish green 5
Manganese(II) Bluish green > 100
Gallium(III) Blue 5
Cadmium(II) Light blue >100
Cobalt(II) Bluish purple 30
Indium(III) Blue 100
Nickel(II) Blue 50
Iron(II) Blue >100
Iron(III) Green >100
Silver(I) Violet turning black >100
TABLE XIII
INFRA-RED ABSORPTION SPECTRA INCnf 1 OF 1,6-DIMETHOXYPHENAZINE
AND 1,6-DIHYDROXYPHENAZINE
1,6-Dimethoxyphenazine 1,6-Dihydroxyphenazine
3450 m. s 3375 s
3070 w 3050 v.w
3008 w
2930 w
2840 w
1925 v.w 1940 v.w
1835 v.w 1855 v.w
1745 v.w 1776 v.w
1710 v.w (1700) v.w
1630 s 1642 s
1535* s 1530 s
1480 s 1484 s
(1478) s
1457 m
1445 m 1445* s
1415 s
1352 s 1365 m
1315 s 1338 s
(1308) w (1263) w
1247* s
1228 m 1234* s
(1197) v.w 1205 s
1188 m (1135) w
1150 s 1120 s
1125 V
1071 w
1055 w 1040 m
982 s 975 w
869 s 889 m
850 m 864 m
803 s 804 s
748 s (757) w
736 s (749) w
(745) w
739 s
★Denotes the strongest peak in the spectrum.
v.w «= very weak, w ■ weak, m = medium, m.s. = medium 
strong, s = strong.
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TABLE XIV
INFRA-RED ABSORPTION SPECTRA IN Cm-1 OF COORDINATION
POLYMERS OF 1,6-DIHYDROXYPHENAZINE
Copper Zinc Cobalt Nickel Mercury
3435 s 3445 s 3420 s 3420 s 3420 s
3090 w (3070) v.w (3050) v.w
(2980) v.w
(1710) w 1750 v.w (1700) v.w
(1630) v.w (1640) v.w 1628 v.w
1608 s 1610 s 1610 s 1609 s 1592 m
1520 s 1525 s 1518 s 1520 s 1518 m
(1462) v.w
1470* s 1469* s 1468* s 1469* s 1450* s
1455* s
1390 m 1390 w 1387 m 1388 m
1365 m 1367 m 1364 m 1365 m 1365 w
1322 s 1326 s 1325 s 1325 s 1320 s
(1315) w
1275 s 1276 s 1272 s 1274 s 1275 s
1228 m (1228) v.w (1220) v.w. (1219) v.w (1225) v.w
1164 s 1160 s 1159 s 1160 s (1158) v.w
1134 m 1130 m 1125 m 1126 m 1128 m
1058 m (1085) v.w
(1047) w (1050) v.w. (1050) v.w. (1054) v.w. (1065) v.w
880 m 875 w 874 w 876 w (870) v.w
802 s 803 m 800 m 800 s (795) v.w
784 m 774 w 775 m 775 m 790 w
772 w
742 s 735 m 735 m 734 m 731 m
^Denotes the strongest peak in the spectrum.
v.w = very weak, w = weak, m = medium, m. s = medium strong, 
s = strong.
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TABLE XV
DATA FROM X-RAY DIFFRACTION PATTERNS OF THE COORDINATION 
POLYMERS OF 8 ,8'-DIHYDROXY-5,5' - BIQUINOLYL
INTERPLANAR(d) SPACINGS
Copper Zinc Manganese Cadmium
1 1  1 1
11.008 10.580 11.008 11.700
7.160 6.139 9.652 9.330
5.470 6.138 6.136
4.856 5.419 5.660
4.047 3.851 5.075
3.700
-
4.692
4.170
3.852
3.586
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TABLE XVI
DATA FROM X-RAY DIFFRACTION PATTERNS OF THE COORDINATION 
POLYMERS OF 1,6-DIHYDROXYPHENAZINE 
INTERPLANAR (d) SPACINGS
Copper
o
A
Copper^
o
A
Nickel
o
A
Zinc
o
A
8.886 9.730 8.346 9.029
2.999 8.886 4.232 4.229
8.678 2.982*
3.440
3.310
2.482
^Polymer prepared by melt polymerization reaction. 
*Not shown in figure.
DISCUSSION AND CONCLUSIONS
1. Coordination polymers of 8,8 1 - dihydroxy-5,51-biquinolyl
Polymers of (XIII) with Cu(ll), Zn(II), Co(II), Ni(II), 
Mn(II) and Cd(II) were formed by chelation. Polymerization of 
(XIII) with divalent metals would be expected to give polymers of 
the structure represented below:
\  /
(XVI)
The infra-red spectra of (XIII) and the derived polymers were 
recorded on solid samples of the compound in potassium bromide discs. 
Postive evidence of chelation of (XIII) with metals are observed in 
the spectra. Principal peaks of the infra-red absorption spectra 
(XIII) and the derived polymers are given in Tables VI and VII. In 
general the infra-red spectra of the derived polymers resemble one
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another more closely than they do the spectrum of (XIII). This 
could be observed from Figure 1 where the infra-red spectrum of 
(XIII) has been shown together with the coordination polymers of 
(XIII) with copper and zinc. However, the principal interest lay 
in the position of the band caused by the vibration of -0-C^ 
group and the position of the -C«N- vibration of the quinoline 
ring. Vibration due to -0-C^ could not be identified in (XIII), 
but the medium strong absorption at about 1115cm" (^9 micron) which 
Las been attributed to the M-O-C^ bond of the chelates of 8-hydroxy- 
quinoline by Charles et _al. (8) was observed at about 1125cm"^ in all 
of the polymers of (XIII). Position of the -C=N- vibration of the 
quinoline ring was found in the region 1580-1600cm"^ (4). In the 
chelated species this band is displaced to 1565-1575cm" •*•.
The polymers precipitated almost immediately when the dimethyl- 
formamide solution of (XIII) was added to the appropriate metal ace­
tate solution in dimethylformamide. All polymers obtained were 
colored powders, very insoluble in the common organic solvents, and 
most probably of low molecular weights (Table IV), since their low 
solubility would remove them from solution before a high degree of 
polymerization was reached. The insolubility of these compounds pre­
vented a verification of molecular weight by the usual procedures.
From the results in Table I it is evident that in the case of 
the polymer of (XIII) with copper the degree of polymerization is 
comparatively large. Higher percentages of metal in the case of 
zinc and cadmium polymers of (XIII) show the degree of polymerization
*'
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___ l _ _
700
wavelength microns
Fig. 1. Infra-red spectra of: (a) 8,8'-dihydroxy-5,5'-biquinolyl
(b) Polymer of 8,8'-dihydroxy-5,5'-biquinolyl with copper 
and (c) Polymer of 8,8'-dihydroxy-5,5'-biquinolyl with 
zinc.
42
to be low in the resulting compound. In the case of the polymers of 
(XIII) with cobalt, nickel and manganese lower values in the elemental 
analyses than those calculated for a 1:1 compound show the polymeri­
zation coefficient (21) to be between 4-10 (Table IV).
Agreement between calculated and found analyses values for 
the 1:1 compounds can be improved if it is presumed that water mole­
cules are associated with the polymers. Since metal atoms are present 
in the polymer chain it is possible that water of crystallization is 
present. However, in the case of nickel, cobalt and manganese poly­
mers of (XIII) association of water in the polymer chain is expected 
because of their strong affinity for water molecules and also their 
maximum coordination number of six. Such an association of water in 
the coordination polymers of naphthazarine with cobalt has been re­
ported by Bails and Calvin (3). Thus, if two moles of water are con
<
sidered to be associated per metal atom in the structure of these 
polymers, the elemental results are greatly improved for a 1:1 com­
pound (Table II).
From this study it is believed that some monomers, dimers, etc. 
occur along with the polymer product. This conclusion is a result of 
the failure to prepare simple monomers by controlling the metal-ligand 
ratio in the preparation. Thus, the percentage of copper calculated 
for 1:1 compound or polymer is 18.17; that for a 1:2 compound, 9.97. 
Analyses showed the product of the 1:1 preparation to be 18.16 and 
18.11% copper and that of the 1:2 preparation 12.90 and 12.887, copper. 
Because of their high decomposition ranges (Table III), and high in­
solubility, in common organic solvents, these compounds could not be
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purified by ordinary methods. This further complicates the analy­
tical results.
X-ray examination of the coordination polymers of (XIII) has 
shown that the polymers containing cobalt and nickel are amorphous, 
whereas polymers containing copper, zinc, manganese and cadmium are 
crystalline. Figure 2 shows the x-ray powder diffraction photograph 
of the polymer of (XIII) with copper as an example. However, the 
polymers containing copper and manganese are not as highly crystal­
line as zinc or cadmium containing polymers. This is evident from 
the x-ray powder diffraction patterns shown in Figure 3 and 4.
Zinc and cadmium gave a much sharper and better defined pattern than 
did the polymer of copper or manganese. The crystalline character of 
these materials is not, however, obvious from visual inspection of 
the finely powdered polymers.
The thermal properties of these polymers are shown in Table 
III. It was expected that the coordination polymers would be thermally 
more stable than the parent organic reagent, but this property was not 
apparent in any of these polymers. From the data it appears that the 
coordination polymers of (XIII) begin to decompose between 250-300°C. 
This value has been verified from infra-red spectra recorded before 
and after heating the polymer samples. From this study it is apparent 
that the thermal stabilities of these polymers are approximately in 
the order of Zn^Cd^Ni} (Mn, Cu and Co). This is expected because 
the thermal stabilities of coordination polymers depends on the ease 
with which the ions can be reduced by organic matter at elevated
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Fige. 2. X-ray Powder Diffraction Photograph of Co­
ordination Polymer of 8,8'-dihydroxy-5,5'- 
biquinolyl with Copper.
45
45' 57 IS'
Fig. 3. X-ray powder diffraction patterns of coordination polymers 
of 8,8'-dihydroxy-5,5'-biquinolyl with (A) Copper (B) Man­
ganese .
15’45' 57*
Fig. 4. X-ray powder diffraction patterns of coordination polymers
of 8,8'-dihydroxy-5,5'-biquinolyl with (A) Zinc (B) Cadmium.
47
temperatures. Charles and Pawlikowski (9) observed that the heat 
stability of coordination compounds are markedly dependent upon the 
nature of the metal present. The order of stability Zn^Ni^Cu is 
expected, since copper and nickel are known to catalyze oxidation 
reactions. This observation is, however, based on the observed 
weight loss of the polymers at 300°C for one hour.
Spot tests of metal ions with dimethylformamide solutions of
(XIII) show a wide precipitation ability of the reagent in acetic 
acid-acetate buffer (Table V) . Like 8-hydroxyquinoline this reagent 
is not specific. However, its selective action possibly could be en­
hanced by careful adjustment of the pH values and by judicious use of 
masking agents.
An attempt was made to prepare a polymer of (XIII) with Zn(II) 
by melt polymerization reaction with zinc acetylacetonate under vacuum 
at 220-230°C with hope of improving the degree of polymerization in 
the resulting compound, but the attempt was not successful. A yellow 
compound was obtained which was 45.807<> carbon, 3.21% hydrogen, 4.16°L 
nitrogen and 23.48% zinc. The composition of the expected 1:1 com­
pound is shown in Table I.
2. Coordination polymers of 1,6-dihydroxyphenazine
Coordination polymers of (XIV) with Cu(II), Zn(II), Co(II), 
Ni(II) and Hg(II) were formed by chelation reaction. As in the case 
of (XIII), polymerization of (XIV) with divalent metals would be 
expected to give polymers of the structure (XVII) of the type repre­
sented below:
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(XVII)
Absorption peaks of the infra-red spectra of (XIV) and 1,6- 
dimethoxyphenazine are given in Table XIII, and the derived coordi­
nation polymers in Table XIV for comparison. The spectra of these 
compounds show positive evidence for chelation of (XIV) with metals. 
As in the case of the coordination polymers of (XIII), the spectra 
of the derived polymers resemble one another more closely than they 
do the spectrum of (XIV). This could be observed from Figure 5, 
where the infra-red spectrum of (XIV) has been shown together with 
the spectra of the coordination polymers of (XIV) with copper and 
nickel. However, the spectrum of the copper polymer deserves some 
special attention. While the spectra of the zinc, cobalt, nickel 
and mercury polymers of (XIV) resemble one another more closely, the 
spectra of the copper polymer of this reagent are significantly dif­
ferent. A strong absorption band at 1455cm" which appears in the
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Fig. 5. Infra-red spectra of: (a) 1,6-dihydroxyphenazine (b) Polymer 
of 1,6-dihydroxyphenazine with copper and (c) Polymer of 
1,6-dihydroxyphenazine with nickel.
absorption spectra of copper polymer of (XIV) does not appear in 
the spectra of other polymers. This band might correspond either 
to the strong absorption band at 1484cm' * or 1445cm-'*' in the spec­
trum of (XIV). Similarly, a medium absorption band at 1058cm'^ 
found in the spectrum of copper polymer does not appear in any other 
polymers of (XIV). Since these peaks do not appear in any other 
polymers, they may have some analytical potentialities. A medium to 
weak absorption band at 1387-1390cm'^ region was found in all the 
coordination polymers of (XIV) but it is completely lost in the spec­
trum of mercury compound. However, the general similarity between 
all the spectra of the coordination polymers of (XIV) suggests that 
all the metals have similar effects on the vibrations responsible for 
the absorption peaks in this wavelength region.
Since two oxine functions are present in the structure of (XIV), 
the bands due to the vibrations of the bond -0-C^ , and -C=N- can be 
interpreted in the same fashion as in the case of the polymers of
(XIII). Thus, the medium strong absorption band which is observed 
between 1125-1135cm'* region in all the polymers of (XIV) could be 
assigned to the M-0-C^bond in the same way as it was attributed to 
the coordination polymers of (XIII). Position of the -C=N- vibration 
of the phenazine ring in (XIV) could be assigned to both of the ab-
I _ 1
sorption peaks found in 1642cm' and in 1530cm' region. In the che­
lated species both of these strong absorption bands are shifted to 
1592-1610cm~ and 1518-1520cm'■*■, respectively.
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In the preparation of the polymers of (XIV) with various 
divalent metal ions, precipitation was almost immediate when the 
alcohol:dimethylformamide solution of (XIV) was added to the ap­
propriate metal acetate solution in alcohol: dimethylformamide.
All polymers obtained in this investigation were bluish-blSck to 
black powders. The presence of a system of conjugated double bonds 
in the polymer structure would possibly account for this color.
All the polymers were insoluble in the common organic sol­
vents, and most probably were of low molecular weights (Table XI), 
since their low solubility would remove them from solution before a 
high degree of polymerization was reached. The insolubility of these 
compounds prevented a verification of molecular weight by the usual 
procedures.
Hoping that coordination polymers of high molecular weight 
would result by melt polymerization reaction, an attempt was made to 
prepare coordination polymer of (XIV) with copper acetylacetonate 
by melt polymerization technique, but such an approach was not found 
to be useful. This is evident from the results shown in Table VIII. 
Much lower values in the elemental analyses data for the coordination 
polymer prepared with copper by melt polymerization reaction than 
that prepared in solution reaction shows the coefficient of polymeri­
zation (21) to be low. In the case of copper polymer prepared by 
melt polymerization reaction at 230-240°C. under vacuum, this value 
is found to be 9 whereas fbr polymer obtained from solution reaction it 
is 20 (Table XI). This clearly indicates the superiority of solution
reaction polymerization over melt polymerization technique. Thus, 
during this investigation the method of solution reaction polymeri­
zation was employed for the preparation of polymers of (XIV) with 
various divalent metal ions.
From Table XI, it is evident that only in the case of mercury 
the degree of polymerization is quite large compared to that observed 
for the other coordination polymers of (XIV). Anomalies in the val­
ues of the elemental analyses are possibly due to the fact that mix­
tures of compounds formed along with the desired polymer product. 
However, agreement between calculated and found analysis values for 
the 1:1 compounds can be improved if it is presumed that there is 
water associated with the polymers. This assumption is reasonable, 
since metal atoms are present in the polymer chain and water of 
crystallizations are possible. Thus, if 0.5 mole of water per metal 
atom in the polymer chain is considered for copper compound and 1 
mole each for zinc and mercury compounds then the elemental results 
could be improved for the 1:1 compound in these cases. In case of 
nickel and cobalt polymers, two moles of water per metal atom in the 
polymer chain can be assumed because of their maximum coordination 
number of six (Table IX).
X-ray examination of the coordination polymers of (XIV) has 
shown that the polymers containing cobalt and mercury are amorphous; 
whereas polymers containing copper, zinc and nickel are crystalline. 
Figure 6 shows the x-ray powder diffraction photograph of the polymer 
of (XIV) with zinc as an example. The degree of crystallinity in
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Fig. 6. X-ray Powder Diffraction Photograph of Coordination 
Polymer of 1,6-dihydroxyphenazine with Zinc.
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these polymers is almost the same in all cases. However, it is ob­
served that in the copper-containing polymer of (XIV) prepared by 
melt polymerization reaction the order of crystallinity is greater 
than that in the same polymer prepared in solution reaction. This 
is evident from the x-ray powder diffraction patterns shown in 
Figure 7.
The behaviour of the coordination polymers of (XIV) on being 
heated in air at different temperatures is shown in Table X. It was 
expected that the coordination polymers would be thermally more 
stable than the parent organic reagent, but this property was not 
apparent in any of these polymers. However, the decomposition ranges 
of these polymers are found to be between 175-240°C (Table XI). From 
Table X, it appears that the thermal degradation of these polymers 
depends largely on the nature of the metal present in the polymers. 
Thus, while copper, zinc, cobalt and nickel polymers are found to be 
stable at 200°C for four hours, the mercury polymer is completely de­
composed at this temperature. This may be interpreted as indicating 
that at higher temperature Bg(II) ion is reduced more rapidly than 
any of She other above-mentioned ions. To verify this, an attempt 
was made to prepare a coordination polymer of (XIV) with ^g(I), but 
the compound decomposed in the reaction flask. This has been veri­
fied from the infra-red spectrum of the resulting compound. Thus, 
from the above observations, it is apparent that in the design of a 
coordination polymer, the nature of the environment to which it is 
subjected is clearly of major importance.
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Fig. 7. X-ray powder diffraction patterns of coordination polymers of 
1,6-dihydroxyphenazine with copper (A) Prepared by solution 
reaction (B) Prepared by melt polymerization reaction.
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Fig. 8. X-ray powder diffraction patterns of coordination polymers 
of 1,6-dihydroxyphenazine with (A) Zinc (B) Nickel.
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In order to ascertain that the nature of the environment 
has an effect on the property of polymers, a sample of polymer of
(XIV) with copper was heated under vacuum at 196-200°C for 24 hours 
with a resultant weight loss of only 2.85%; whereas the same polymer 
on heating at 200°C in air only for four hours lost a weight of 2.73%. 
The metal content of these dehydrated polymers was found to be 22.78 
and 22.15% of copper, respectively. Calculations for 1:1 compound 
with 0.5 mole of water per metal atom in polymer chain require 3.19% 
of H2O and per cent of copper for dehydrated compound is 23.19.
To test the reliability of the data of Table X, samples of 
copper and zinc polymers of (XIV) were heated separately in air at 
190°C and at 240°C, respectively, for six hours. Pre-and post-heating 
infra-red spectra are found to be identical in both the cases. Thus, 
during this investigation, it is observed that in both the cases of 
coordination polymers of (XIII) and of (XIV), the zinc-containing 
polymer is more stable. The reason may be that the zinc metal has 
only one oxidation state and that the proportion of organic materials 
are found to be minimal in case of zinc polymers of both (XIII) and
(XIV). Thus, to obtain maximum stability, the proportion of organic 
material in a coordination polymer should be kept at a minimum.
Spot tests of metal ions with alcoholic solutions of (XIV) 
show a wide precipitation ability of the reagent in acetic acid- 
acetate buffer (Table XII). But, its sensitivity and selectivity 
are not very impressive for analytical purposes. However, zinc could 
be detected in 4 y  concentration in acetic acid-acetate buffer solu­
tion.
SUMMARY
Coordination polymers of 8,8'-dihydroxy-5,5'-biquinolyl 
(XIII) and 1,6-dihydroxyphenazine (XIV) were prepared with divalent 
metal ions such as Cu(II), Zn(II), Ni(II), etc. by solution reac­
tion polymerization technique. A melt polymerization technique 
was found to be inferior for the preparation of these coordination 
polymers.
All polymers were colored powders, highly insoluble in all 
common organic solvents and probably of low molecular weights. 
Structure of these polymers was derived from the elemental analy­
ses. Anomalies in the calculated and found values were accounted 
for by the presence of molecules of water associated in these poly­
mers. However, a mixture of monomers, dimers, etc. along with the 
polymer product was suspected in almost all cases.
Infra-red spectra of the derived polymers were in close con­
formity with the postulated structure of these polymers. However, 
further infra-red study on the thermally degraded product of these 
polymers might be useful to establish the presence of water in the 
polymer chain.
Thermal degradation studies were made with all the derived 
coordination polymers of (XIII) and (XIV). The thermal stability 
of these polymers was less than what was expected. An attempt was
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made to establish a correlation with stability and the nature of 
the metal present in the polymer chain. It was observed that the 
stability of these polymers is approximately in the order of Zn^ 
Cd^Ni^Cu. This finding, however, needs to be supported by thermo- 
gravimetric studies.
X-ray studies were performed with the derived polymers to 
ascertain the degree of crystallinity of these polymers. Almost all 
of them were found to be crystalline except the polymers of (XIII) 
with cobalt and nickel; and of (XIV) with cobalt and mercury. How­
ever, the crystalline character of these coordination polymers is 
not obvious from visual inspection of the finely powdered samples.
Possible use of (XIII) and (XIV) as analytical reagents was 
pointed out. However, further investigation in this respect might 
be very interesting.
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